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Meteorological Modeling using Penn State/NCAR 'S Generation Mesoscale Model

(MM5)

Version 3.6 of MM5 was used to generate annual 208@orology for the OTC
modeling work. Prof. Dalin Zhang of the UniversttiyMaryland performed the MM5
simulations in consultation with NYSDEC staff. Timedel was applied in Lambert
conformal map projection and utilized MPP Versiaveloped for clusters. The two-way
nested domain consisted of coarse (36km) and fiken) mesh corresponding to
149x129 and 175x175 grids, respectively, in thigliaption (see Figure 1).

The Lambert projection used in this work followée Regional Planning Organization
(RPO) national domain setup with the center abi®7°W) and parallels at 3N and
45°N. Map projection parameters in reference to tlogegtion center point are as
follows: Southwest corner for the 36 km grid ig-@664km, -2304km) and the northeast
corner at (2664km, 2304km). In the case of the 18kidh the southwest corner is at
(252km, -900km) and the northeast corner at (2340kr@8km). In the vertical direction,
the terrain followings-coordinate system was used with the pressurecatcekevel
determined from a reference state that is estimaged the hydrostatic equation from a
given sea-level pressure and temperature withralatd lapse rate. There are 30
unevenly spaced levels, giving 29 vertical layers, with higher eggion within the
planetary boundary layer (PBL). Thdevels are:

1.0000, 0.9974, 0.9940, 0.8980, 0.9820, 0.972G;90.90.9430, 0.9230, 0.8990,
0.8710, 0.8390, 0.8030, 0.7630, 0.7180, 0.6680,80.60.5680, 0.5180, 0.4680,
0.3680, 0.3180, 0.2680, 0.2180, 0.1680, 0.123@00.00.0400, 0.0000

The surface layer was set at about 10m, the léweghch surface winds were typically
observed, and the model top was set at 50hPa watiative top boundary condition.
The time steps for the 36km and 12km domains werand 25 seconds, respectively.

The important model physics options used for thid3vkimulation include:

» Kain-Fritsch (1993) convective scheme for both &éd 12-km domains

e Explicit moisture scheme (without the mixed phasm®)jtaining prognostic
equations for cloud water (ice) and rainwater (sh@wudhia 1989; Zhang 1989)

* Modified version of the Blackadar planetary bourydager (PBL) scheme
(Zhang and Anthes 1982; Zhang and Zheng 2004)

» Simple radiative cooling scheme (Grell et al. 1994)

* Multi-layer soil model to predict land surface tesngtures using the surface
energy budget equation (Dudhia 1996)

Note that the Blackadar PBL scheme has been mddifierder to correct the phase shift
of surface wind speed and temperature diurnal ¢cjalewing a study that compared
five different PBL schemes: the Gayno-Seaman TKies® (Shafran et al. 2000), Burk-



Thompson (1989), Blackadar (Zhang and Anthes 198RF- (Hong and Pan 1996), and
Mellor-Yamada-Jajic (Mellor and Yamada 1974; JARO0, 1994). The details of the
study can be found at Zhang and Zheng (2004).

Nudging Processes

The MMS5 provides options for nudging observatiomsdach domain during the model
integration process (Stauffer and Seaman, 1990ff8taet al. 1991). The Eta analyses of
upper-air winds, temperature and water-vapor mixaig as well as their associated surface
fields were used for nudging every 6 hours, andEtaesurface wind fields blended with
surface wind observations were used to nudge &/8ours. While only the surface winds
were nudged, their influences could extend intoRB& as well (see Stauffer et al. 1991).
Based on UMD'’s prior experience in numerical expents, the following nudging
coefficients have been used:

« Upper-air wind fields: 5. OE-Zsfor Domain 1 (36km), and 2. 5E-4$or Domain 2
(12km);

« Upper-air temperature fields: 1.0E%sfor both Domains;

+ Surface winds: 5. 0€-4s" for Domain 1, and 2.5E-ddor Domain 2; and

» Surface temperature and moisture: not nudged dunstiability consideration.

ASSESSMENT

This assessment covers the period of May througkeSder 2002.

National Weather Service (NWS) and CASTNet data —8face temperature, Wind
Speed, and Humidity

NWS (TDL) and CASTNetwww.epa.gov/castngtséurface measurements of
temperature, wind speed, and humidity (note themewo humidity measurements for
CASTNet) were used to compare with the MM5 outplite evaluation was performed
with METSTAT program developed by Environ Corpaoati
(www.camx.com/files/metstat.15feb05.tar.g¥¥Yhen comparing to NWS data, the
METSTAT interpolates the first layer MM5 (at 10midiiet) temperature and humidity
data to a height of 2m, the level that correspdadee NWS measurement of these
parameters. However, no such interpolation was rfadeind speed and direction. In
the case of CASTNet surface measurements, no $iactges were needed as CASTNet
data were reported at a height of 10m. In thisyaislno exclusion was made for calm
conditions. The reported calm winds (zero wind sp@easured) were treated as is in
this evaluation effort. The METSTAT calculatedrsfard statistical measures —
average, bias, error and index of agreement bettieemeasured and predicted
parameters.

Figure 2 displays the temperature and wind speetparison of MM5 and measured
data from NWS and CASTNet networks for August 20@R15 performance for both in
magnitude and diurnal timing, temperature can Imsiciered to be quite good for both
NWS and CASTNet data, while MM5 underpredicted N®#@ overpredicted CASTNet



daytime wind speed, respectively. It should be fgairout that there are differences in
how the meteorological information is collected aeported by the two networks as well
as in MM5. The CASTNet measurements are based aryheveraged wind speed while
NWS reports 2min average at 10min before the heliereas MM5 predictions are
reflective of the last time-step of the hour of gartation. Interestingly, MM5 appears to
track quite well the nighttime minimum wind speed Iboth networks. In the case of
humidity (not shown), MM5 tracks the NWS observeanindity trend well, but MM5
missed the observed semi-diurnal cycles. Compasimr the five months including bias
and root mean square error from both NWS and CA$&Neavailable on request from
NYSDEC.

The above assessment is based on domain-wide agdmapgrovide an overall response
of the model over the five months. Another way sgessing the model is to examine the
degree of correlation between the measured andcpedgarameters. Figures 3a and 3b
displays such a comparison for wind speed and teatype, respectively, for the NWS
hourly data covering the period of May through ®egter 2002. For the NWS data, the
correlations are in the range from 0.7 to 0.8 fordsspeed, above 0.96 for temperature,
and in the range of 0.8 to 0.9 for humidity. CASTHata (not shown) also exhibit
similar correlation. These correlations indicatat M5 simulation has captured both
the diurnal and synoptic scale variations. Detgdkds of this comparison are available
on request from NYSDEC.

Vertical Profiler — Winds

The Wind-Profiler network measurements along th& LEast CoastMwvw.madis-
fsl.org/cap)were used to evaluate the vertical profiles frod®4 There are twelve
wind-profiler measurement stations from which daése available for comparison. For
convenience of comparison, the wind-profiler measeants were interpolated to the
MMS5 vertical levels. The approach used was simpierpolation between two adjacent
wind-profiler layers to the MM5 vertical level, amaas limited to that reported by the
profiler measurement. The focus of the comparisas 1@ assess if MM5 was able to
capture the measured vertical structure, and fentle used the observed Low Level Jet
(LLJ) as an indicator. The comparison was perforfoedune, July and August 2002. In
general it is found that MM5 captures the profileeasured vertical wind field structure
reasonably well. Figure 4 displays an exampléefiIM5 and wind profiler comparison
for the August 2002 episode at Richmond, VA andc@ot, NH. MM5 predicted weaker
LLJ winds compared to those based on the wind4erafieasurements. The detailed
plots of this comparison are available on requeshfNYSDEC.

Cloud Cover — Satellite cloud image

Cloud information derived from satellite image data
(www.atmos.umd.edu/~srb/gcip/webgcip.hiwere used to assess the MM5 prediction
of cloud cover. The 0%y 0.5 resolution of the satellite data were interpolated the
12km MMS5 grid for comparison. The MM5 total clou@étion was estimated by MCIP
based on the MM5’s low cloud, middle cloud and hitgrud predictions. In general,




MMS5 captured the satellite cloud pattern well botlerestimates the satellite cloud
fraction (see Figure 5 as an example). Part oflprobmay due to the coarse resolution of
the satellite cloud data.

Precipitation comparison

The monthly total observed precipitation data wamestructed from 1/8-degree daily
precipitation analysis datatfp://data.eol.ucar.edu/codiac/dss/id=21.p@3duced by
Climate Prediction Center, based on 7,000-8,000If¥6duhourly gauge reports and
radar). The MM5 monthly total precipitation wasiestted from the MM5 predicted
convective and non-convective rainfall and summedou each month. In general, MM5
captured the observed spatial patterns in May apdeghber, but no so well for June,
July and August (See Figure 6), perhaps reflecftbe summertime convective rain
activities not captured by MM5. Detailed plots lilstcomparison are available on
request from NYSDEC.

Calm Conditions

Calm conditions are defined as observed wind spéedro knots and wind direction as
0°. It would be useful to assess how MM5 performdanrobserved calm conditions,
because of potential pollutant buildup that couddus under such conditions. Table 1
lists the summary of the percentage of calm comdliéit each hour for the August 2002
from the NWS data within the 12km domain. It is amgmt from the Table that the calm
conditions occur primarily during the night andlganorning hours, from 23Z (7 p.m.
EDT) to 15Z (11 a.m. EDT) with a peak at 10Z (6 a&GDT). To assess MM5
performance, the observed and MM5 predicted wiredp were divided into calm and
non-calm according to observed wind speed. Figutisplays such a comparison of the
MMS5 predicted wind speed to the observed wind speetér the calm and non-calm
conditions for the month of August 2002. For thalfe” group, the average wind speed
for MM5 varies from 1 m/s during the night and gariorning hours and over 1.5 m/s
during the day. MM5 is over-predicting during ohv&al calm wind conditions. There
are local minima every 3 hours, due to the surtdrserved wind speed nudging in MMS5.
In contrast under the non-calm conditions, MM5 updedicts by about 0.5 m/s for all
hours with noticeable local maximum happening atrtbhdging hours. The MM5
nudging process would pull predictions toward theasured data, while the
underprediction of MM5 for the non-calm conditiansyy due to the adopted PBL
scheme in this simulation.

Summary

In this study, we performed an assessment of thésMivhulation to real-world data,
both at the surface level as well as in the vdrt\dénile there are no specific
recommended procedures identified for this assasssienilar approaches have been
used elsewhere (Dolwick 2005, Baker 2004, and Joh@A604). Traditionally, the NWS
surface measurements are used for such a compasisme NWS data had been used
through nudging processes in developing the MM%ufation, the comparisons should



not be far removed from each other. In this study extended the evaluation by using
CASTNet measurements that were not used in the gikblations. Thus comparison
with CASTNet data provides for an independent asseat and should complement the
comparison with NWS data. We also compared the Mdshlts with the wind profiler
data and cloud data derived from satellite imagefidgnose if the MM5 simulation is
yielding the right type of dynamics in the verticlhe analyses shows that in general, the
performance of the MM5 is reasonable both at thifase and in the vertical, thereby
providing confidence in the use of these data @G@MAQ simulations.
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Table 1 Measured calm and non-calm occurrencestbganodeling domain
during August 2002 based on NWS data

#Non-
Hour Calm #Calm #Total % Calm

00z 18209 3924 22133 17.7
01z 16531 6026 22557 26.7
027 15604 6929 22533 30.8
03z 14983 7245 22228 32.6
04z 14309 7540 21849 34.5
05z 14073 7735 21808 35.5
06Z 13934 7949 21883 36.3
07z 13792 8040 21832 36.8
08z 13542 8273 21815 37.9
09z 13542 8385 21927 38.2
102 13708 8591 22299 38.5
117 14139 8693 22832 38.1
127 15297 7690 22987 33.5
137 17336 5192 22528 23

147 18522 3439 21961 15.7
157 18755 2617 21372 12.2
16Z 19169 2015 21184 9.5
177 19555 1617 21172 7.6
187 19982 1430 21412 6.7
197 20149 1389 21538 6.4
20Z 20565 1288 21853 59
217 20518 1383 21901 6.3
227 20672 1556 22228 7

2372 20231 2292 22523 10.2




Figure 1: OTC MM5 modeling domain with areal extehii2km and 36km grids
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Figure 2: Temperature and Wind speed comparisam&ifgust 2002. In each case the
upper panel corresponds to comparison between MMS\AVS data and the lower
panel between MM5 and CASTNet data.
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MMS Sfe Wind Speed Correlation with TDL May to Sept 2002
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Spatial correlation estimates betweenS\idd NWS data for wind speed

Figure 3a:
from May to September 2002
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MMS Sfc Temperature Correlation with TDL May to Sept 2002
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Figure 3b:  Spatial distribution of correlation coefficients fbemperature between
MM5 and NWS data from May to September 2002.
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Richmond, VA

Figure 4: MM5 and Wind profiler comparison for A to 17, 2002 at Richmond, VA
and Concord, NH. The upper and lower panes at gation are for MM5 and profiler,
respectively. The abcissa represents day and thieabe the height (m).
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Figure 5: MM5 and Satellite cloud images for Augiét 2002 at 0700 EST
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Monthly Precip Accummulation August 2002 CPC RFC 1/B Deg
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Figure 6: MM5 predicted and measured precipitatioar the domain for the month of
August 2002
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Figure 7: Comparison of averaged wind speed betWidh and observed under calm
(C) and non-calm (NC) conditions.
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